The ascosporogenous yeast genus Tetrapisispora Ueda-Nishimura & Mikata (1999) was described to accommodate Tetrapisispora phaffii (van der Walt) and three related novel species, Tetrapisispora iriomotensis, Tetrapisispora nanseiensis and Tetrapisispora arboricola. The species T. phaffii was reassigned from Kluyveromyces phaffii van der Walt according to relatedness of small-subunit (18S) rRNA gene sequences. Kluyveromyces blattae was later transferred to the genus Tetrapisispora on the basis of analysis of 18S rRNA gene, EF-1a, large-subunit (LSU) D1/D2 rRNA gene, mitochondrial rRNA gene and CoxII sequences (Kurtzman, 2003; Kurtzman & Robnett, 1998 . Two further novel Tetrapisispora species, Tetrapisispora fleetii and T. namnaonensis, were proposed by Kurtzman et al. (2004) and Sumpradit et al. (2005) , respectively. The strains of T. namnaonensis were isolated from forest soil in Thailand and were characterized by the ability to assimilate D-gluconate, the inability to grow on 50 % glucose medium, nuclear DNA base composition and the production of deliquescent asci (Sumpradit et al., 2005) . T. fleetii, which was isolated from a food-processing plant in north-eastern Georgia, USA, can be recognized through a combination of growth reactions and morphology (Kurtzman et al., 2004) , especially the ability to assimilate ribitol. At present, seven species have been described and included in the genus Tetrapisispora (Lachance, 2011) .
During the investigation of yeast diversity of forest soil in Taiwan between 2005 and 2010, six strains representing two previously undescribed yeast species belonging to the genus Tetrapisispora were found; two novel species, Tetrapisispora taiwanensis sp. nov. and Tetrapisispora pingtungensis sp. nov., are proposed to accommodate these yeasts.
The yeast strains examined in this paper are listed in Table  1 . For isolation of these yeasts, about 1 g soil was added to acidified YM broth (0.3 % yeast extract, 0.3 % malt extract, 0.5 % peptone and 1 % glucose, pH 3.5) and incubated at 25 u C for 3 days, and then the enriched suspension was diluted and spread on acidified YMA or DRBC (dichloran rose Bengal chloramphenicol) agar (Merck) and the plates were incubated at 24 u C for 3 days. Representative colonies were picked and purified and maintained on YMA or in the freezer (270 u C). Morphological, physiological and biochemical characteristics of the species were determined by the methods described by Yarrow (1998) and Kurtzman et al. (2011) . Yeast cells and ascospores were examined with scanning electron microscopy by the method described by Lee et al. (1994) . The strains to be examined were incubated on McClary's acetate agar (Yarrow, 1998; Kurtzman et al., 2011) for 3-21 days at 25 u C.
Molecular sequencing of the D1/D2 domain of the LSU rRNA gene was carried out using PCR products of genomic DNA that was extracted from yeast cells using a Biokit Genome DNA Extraction kit (Biokit Co. Taiwan). The LSU rRNA gene D1/D2 and ITS fragments were amplified using primers NL1 and NL4 (Kurtzman & Robnett, 1998 ) and ITS1 and ITS4 (White et al., 1990) , respectively, with a Peltier thermal cycler (PTC-200; MJ Research). Successful amplification was confirmed by agarose gel electrophoresis. Sequencing of the fragments was performed using an automated DNA sequencer (3730 DNA Analysis System; Applied Biosystems). Both DNA strands were sequenced and the reactions were carried out using a Dye Terminator cycle sequencing kit (Applied Biosystems). Comparisons with sequences from the GenBank database were done using BLASTN search. The sequences were initially aligned using the multiple alignment program CLUSTAL_X 1.83 (Thompson et al., 1997) , and a phylogenetic tree was reconstructed by the neighbour-joining method using the MEGA version 5.0 software package (Tamura et al., 2011) . Kluyveromyces marxianus CBS 834 T was used as an outgroup. Bootstrap analysis was performed from 1000 bootstrap replications (Felsenstein, 1985) . Reference sequences used in the analysis were retrieved from GenBank under the accession numbers indicated in Fig. 1 .
Sequence comparison
The D1/D2 domain of the LSU rRNA gene as well as the ITS-5.8S region for all six strains listed in Table 1 was amplified by PCR and sequenced. A neighbour-joining phylogenetic tree based on the D1/D2 domain of the LSU rRNA gene is shown in Fig. 1 . The two proposed species, T. taiwanensis and T. pingtungensis, were clustered with the other seven Tetrapisispora species (Ueda-Nishimura & Mikata, 1999; Lachance, 2011) , confirming that the two novel species are members of this genus. Three of the six strains, SJ6S04, TC1S05 and TC5S14, belonging to the proposed novel species T. taiwanensis, were found to share identical ITS and D1/D2 LSU rRNA gene sequences, indicating that these strains are conspecific. The three strains NC2S06, NC6S21 and NC7S10 (Table 1) , which are described as T. pingtungensis, also had identical LSU rRNA gene D1/D2 domain and ITS region sequences to each other. The two species T. taiwanensis and T. pingtungensis were most closely related to each other and clustered with T. arboricola; this clustering was strongly supported with a high bootstrap value in the phylogenetic tree ( Fig. 1) . The two putative novel species differed from each other by only 5 substitutions in the sequence of the D1/D2 domain of the LSU rRNA gene, but by 37 substitutions and 17 indels in the ITS-5.8S rRNA gene sequence. The two proposed species differed from the most closely related species T. arboricola by 16 substitutions in the sequence of the D1/D2 domain of the LSU rRNA gene and by over 100 substitutions in the ITS-5.8S rRNA gene. These results clearly indicate that these six strains are representatives of two novel Tetrapisispora species closely related to T. arboricola.
Taxonomy
Based on the DNA sequence comparison, the proposed species T. taiwanensis and T. pingtungensis are genetically closely related to T. arboricola and T. nanseiensis (Fig. 1) , and were identified as members of the genus Tetrapisispora from their phylogenetic placement. The two species can be differentiated from each other and other Tetrapisispora species based on sequence diversity in the ITS region and the D1/D2 domains of the LSU rRNA gene. The two proposed species showed a highly similar spectrum of morphological, physiological and biochemical characteristics, and are similar to other Tetrapisispora species. Most Tetrapisispora species assimilate only a few carbon and nitrogen sources and are physiologically similar. Therefore, it is difficult to differentiate these species solely by physiological tests (Table 2) . T. taiwanensis demonstrated identical assimilation patterns to T. pingtungensis, but could be differentiated on the basis of its inability to ferment galactose (Table 2 ). The two proposed species differ from other recognized Tetrapisispora species in some carbon assimilation tests, physiology and ascus deliquescence (Table 2) . Consequently, Tetrapisispora species can be differentiated from one another using the combination of morphological, physiological and biochemical characteristics listed in Table 2 in addition to detection from gene sequence diversity. Based on the evidence described above, the two novel species T. taiwanensis and T. pingtungensis could reasonably be classified in the genus Tetrapisispora and could be differentiated from other species in the genus.
Emendation of the diagnosis of Tetrapisispora
According to the definition of Tetrapisispora given by Ueda-Nishimura & Mikata (1999) , the species of the genus can transform diploid cells to asci containing one to four ovoid to reniform ascospores with smooth surfaces. However, two currently recognized species (Lachance, 2011) , T. nanseiensis and T. iriomotensis, and the two species proposed in this paper demonstrated warty-surfaced ascospores under the scanning electron microscope (Fig. S1 , available in IJSEM Online), although the ascospores of T. nanseiensis and T. iriomotensis were described as smooth under the light microscope (Ueda-Nishimura & Mikata, 1999) . For the other species, T. phaffii, T. namnaonensis, T. blattae and T. arboricola, there was insufficient ascosporulation for ascospore surfaces to be observed under the scanning electron microscope. According to these results, the delineation of the genus Tetrapisispora on the basis of the description of the ascospore surface should be revised. After growth in YM broth at 25 u C for 3 days, the cells are ovoid to ellipsoidal (2-464-7 mm), single or in pairs ( Fig.  2a ). Vegetative reproduction is by multilateral budding. Sediment is present. After growth on YM agar for 7 days at 25 uC, streak cultures are creamy, butyrous, smooth and glistening. In Dalmau plate cultures on cornmeal agar after 10 days at 25 u C, pseudomycelium and mycelium are absent. Ascosporulation occurs on YM agar, McClary's acetate agar and malt extract agar after incubation at 25 u C for 3 days. Cells can be transformed directly from diploid cells into asci containing one to four spherical to short ellipsoidal ascospores (1.6-1.861.6-2.4 mm) with warty surfaces (Fig.  2b, c) . As soon as the asci mature, the ascospores are liberated and agglutinate (Fig. 2b) . Conjugation between two ascospores can be found. Glucose and galactose are fermented, but maltose, methyl a-D-glucoside, sucrose, a,a-trehalose, melibiose, lactose, cellobiose, melezitose, raffinose, inulin, starch and D-xylose are not fermented. Glucose, galactose, sucrose (weak), D-glucono-1,5-lactone and D-gluconate (weak) are assimilated; the other carbon compounds tested in this study, L-sorbose, D-glucosamine, D-ribose, D-xylose, L-and Darabinose, L-rhamnose, maltose, a,a-trehalose, methyl a-Dglucoside, cellobiose, salicin, arbutin, melibiose, lactose, raffinose, melezitose, inulin, starch, glycerol, erythritol, ribitol, xylitol, L-arabinitol, D-glucitol, D-mannitol, galactitol, myo-inositol, 2-keto-D-gluconate, 5-keto-D-gluconate, D-glucuronate, D-galacturonic acid, DL-lactate, succinate, citrate, methanol, ethanol, propane-1,2-diol, butane-1,2-diol and After growth in YM broth at 25 u C for 3 days, the cells are ovoid to ellipsoidal (2-463-6 mm), single or in pairs (Fig.  2d ). Vegetative reproduction is by multilateral budding. Sediment is present. After growth on YM agar for 7 days at 25 u C, streak cultures are creamy, butyrous, smooth and glistening. In Dalmau plate cultures on cornmeal agar after 10 days at 25 u C, mycelium and pseudomycelium are absent. Ascosporulation occurs on McClary's acetate agar after incubation at 25 u C for 15 days. Cells can be transformed directly from diploid cells into asci containing one to four spherical to short ellipsoidal ascospores (1.8-2.061.8-2.5 mm) with warty surfaces (Fig. 2e, f) . As soon as the asci mature, the ascospores are liberated ( Fig. 2e ). Glucose is fermented, but galactose, maltose, methyl a-D-glucoside, sucrose, a,a-trehalose, melibiose, lactose, cellobiose, melezitose, raffinose, inulin, starch and D-xylose are not fermented.
Description of
Glucose, galactose, sucrose, D-glucono-1,5-lactone (weak) and D-gluconate (weak) are assimilated; the other carbon compounds tested in this study, L-sorbose, D-glucosamine, Dribose, D-xylose, L-and D-arabinose, L-rhamnose, maltose, a,a-trehalose, methyl a-D-glucoside, cellobiose, salicin, arbutin, melibiose, lactose, raffinose, melezitose, inulin, starch, glycerol, erythritol, ribitol, xylitol, L-arabinitol, D-glucitol, Dmannitol, galactitol, myo-inositol, 2-keto-D-gluconate, 5keto-D-gluconate, D-glucuronate, D-galacturonic acid, DLlactate, succinate, citrate, methanol, ethanol, propane-1,2diol, butane-1,2-diol and N-acetylglucosamine, are not assimilated. Nitrate, nitrite, ethylamine, L-lysine, cadaverine and creatine are not assimilated. Growth in vitamin-free medium is negative. Growth on 50 and 60 % glucose and 10 % NaCl plus 5 % glucose is negative. No growth occurs in the presence of 0.01 % cycloheximide. Growth occurs at 30 u C but not at 35 u C. No starch-like substances are produced. Acid production on chalk agar is negative. Urease hydrolysis and the diazonium blue B reaction are negative.
The type strain, NC2S06 T (5CBS 12780 T 5BCRC 23409 T ), was isolated from forest soil in Hungchun, Pingtung, Taiwan, in 2009. The Mycobank number for Tetrapisispora pingtungensis is MB803874. 
